OBJECTIVES: It is reported that creating a window from the posterior pericardium into the left pleural cavity during coronary bypass surgeries reduces postoperative late cardiac tamponades. Although late tamponades are more common after heart valve surgeries, this procedure is not generally performed. The present study investigated whether creating a window has a preventive effect on the formation of late cardiac tamponade after heart valve surgeries.
INTRODUCTION
Occurring after open heart surgeries, cardiac tamponade is an important concern that increases perioperative mortality and morbidity. Postoperative pericardial effusions and tamponades are generally classified into two groups: early and late [1, 2] . Late tamponade is reported to be more rarely diagnosed and to have higher mortality [2, 3] . The formation of late pericardial effusions has been associated with anticoagulant use (65%) and postpericardiotomy syndrome (34%) [1] . Late effusions and tamponades are also associated with the type of surgery. It is reported to be more common after valve and transplantation cases when compared with coronary bypass surgery [1] [2] [3] [4] .
Effusion may surround the heart, but it is most frequently localized to the posterior of the left ventricle. It has been reported that creating a posterior pericardial window (PPW) between the pericardial cavity and the left pleural cavity during coronary bypass surgeries reduces the incidence of pericardial effusion, early and late tamponade, and atrial fibrillation [5] [6] [7] .
First, the left pleura must be opened in order to create a PPW. Because the left pleura is already opened when the left internal mammary artery (LIMA) is used, some clinics create a PPW as a routine in coronary revascularization surgeries. This is a procedure we have been using since 2007 in such cases. We observed that late tamponade did not occur in any of the patients on whom we created a PPW, whereas the patients on whom we did not create a PPW-almost all of these were valve patients-developed late tamponade from time to time. For this reason, we began to open a PPW in valvular surgeries since March 2012. In this study, we investigated whether creating a PPW in valvular surgery patients is effective in minimizing late pericardial tamponade.
MATERIALS AND METHODS

Patients and data collection
The study was conducted on all patients (n = 262) in whom one or more valves were replaced and who fulfilled the study criteria between January 2010 and October 2014 in one centre. Patients who had aortic root replacement due to acute aortic dissection, redo patients and valve + coronary patients were excluded from the study. PPW opening was applied to all valvular patients since March 2012 because of its efficiency to prevent late tamponades in coronary bypass surgery. One hundred and thirty-five patients operated before this date (Non-Window Group) and 127 patients operated after this date (Window Group) were compared for the development of late cardiac tamponade.
All the patients' data (both electronic and written files) were stored in our hospital. Also, according to scientific studies, tracking cards and electronic filing format records are kept at the Turkish Society of Cardiovascular Surgery Adult Cardiac Surgical Database for all patients undergoing open heart surgery. Our work has benefited from all these sources.
Procedures and techniques
Preoperative assessment, anaesthetic medication and surgical procedures were the same in both groups. The international normalized ratio (INR) values were lowered as soon as possible with fresh frozen plasma infusions in patients who used warfarin preoperatively. Heparin was not used to bridge patients until surgery. All patients underwent median sternotomy. After the pericardium was opened, 300 units/kg heparin was administered. Activated clotting time (ACT) values were kept above 450 s throughout the cardiopulmonary bypass (CPB). Heparin sodium was reversed with protamine sulphate (1 mg for 100 units) at termination of CPB. A roller pump and membrane oxygenator were used. Moderate (28°C) systemic hypothermia was applied. The degree of systemic hypothermia achieved at different institutions varies greatly, with a trend in recent years to more moderate hypothermia. Hypothermia in the range of 22°C inhibits platelet activation and the platelet aggregation response to thrombin. In addition, hypothermia may adversely affect the kinetics of the coagulation cascade and may even impair the ability of the local vasculature to constrict in response to bleeding [8] . Isothermal potassium blood cardioplegia was administered through the antegrade and retrograde routes in turns.
The procedure of creating a window was performed before implanting prosthetic materials. In this way, we prevent rupture of the atrioventricular groove and other mechanical complications when the apex of the heart is lifted upwards. First, the left pleura was opened wide anteriorly; in this way, the phrenic nerve is easily seen and complications can also be avoided during incision by inserting a hand and pushing the posterior pericardium forwards when required. The apex of the heart was elevated by holding it with a sponge. The posterior pericardium was seized using Allis forceps at a point where the pericardium was free, superior to the diaphragm and medial to the phrenic nerve; here a 3-to 4 cm diameter segment of pericardium was removed using electrocautery. This defect was enlarged with a pericardiotomy of a further 3-4 cm to the superior side. The main surgical procedure was then conducted. In the NonWindow Group patients, the left pleura was not opened. A 36-F straight drain was placed in the anterior mediastinum and a 28-F curved drain was placed to posterior of the heart. A thin drain was preferred, to avoid tube-induced ventricular arrhythmias. In the Window Group patients, a 36-F straight drain was placed into anterior mediastinum again and a 36-F curved drain was transmediastinally passed through the left hemithorax and placed over the diaphragm. No other changes were made in the treatment protocols during the study. The same surgeons continued operations with the same principles.
Follow-up
Subcutaneous fractionated heparin was commenced at the sixth postoperative hour (provided that the last 4-h drainage was not above 50 ml per hour). Heparin was discontinued when the INR value was above 2. Warfarin (5 mg/day) was administered on the first and second postoperative day. The dose was 2.5 mg/day in older and cachectic female patients. The third-day dose was adjusted according to the INR value. For the first month, the INR target was maintained between 2 and 3. INR measurements were made every other day while the patient remained in hospital. Drains were removed on Day 2 at the earliest, when the drainage turned serous and the last 4-h drainage was less than 50 ml. The temporary pacemaker wire was removed on Day 3 in patients with no rhythm problem. Patients were generally discharged within 5-7 days; 150 mg/day aspirin was prescribed at discharge. Follow-ups were routinely conducted on postoperative 15th, 30th and 60th days. The warfarin dose was adjusted to increase the INR value up to 3-3.5 in patients undergoing mechanical mitral valve replacements after the first month. Follow-up records were reached in all patients for 30 days and in 94.6% for 60 days. All patients received transthoracic echocardiography at the final control, even though no problems were detected in the clinical and radiological examinations, and then the patients were referred to cardiologists. Additional controls were made in patients, as necessary.
Definitions
Various definitions of pericardial effusion and tamponade exist in the literature. Tsang et al. [1] defined pericardial effusions occurring within the first 7 days as 'early' and those occurring after 7 days as 'late'. Kuvin et al. [2] defined cardiac tamponades occurring within the first 24 h as 'early' and those occurring after Days 5-7 as 'late'. It seems that the tamponades occuring between Days 1 and 4 are unclassified by the definition of Kuvin et al. [2] . We regarded third and fourth day tamponades as late tamponades, the rationale of which will be discussed later. Diagnosis was established by transthoracic echocardiography applied to patients with suspected tamponade with any of the symptoms, physical findings and X-ray findings. An echocardiographic tamponade was defined as diastolic collapse in the right atrium and right ventricle, reduced mitral inflow by more than 30% in the inspirium and increased tricuspid flow by more than 50%, and also the presence of a floating heart appearance [9] . We did not encounter this appearance in our study. Computerized tomography was used to strengthen the diagnosis in the relevant patients.
Statistical analysis
Statistical analysis was performed using NCSS (Number Cruncher Statistical System) 2007 and PASS (Power Analysis and Sample Size) 2008 Statistical Software (Utah, USA). Study data were analysed using descriptive statistical methods (mean, standard deviation, median, frequency, rate, minimum and maximum) as well as an independent samples t-test was used for quantitative data comparison of the two groups with normal distribution and a Mann-Whitney U-test was used for non-normal distribution. Pearson's χ 2 test and Fisher's exact test were used to compare categorical variables. Values of P < 0.05 were considered statistically significant.
RESULTS
The patients' demographics and preoperative characteristics are presented in Table 1 ; there was no significant difference between the Non-Window Group and the Window Group (P > 0.05). When the patients developing late tamponade (n = 7) and ones without late tamponade (n = 255) are compared in terms of predisposing factors (age, gender, haematocrit, thrombocyte number, serum creatinine, hypertension and preoperative warfarin usage) for tamponade, there was no statistically significant difference (Table 2) . But, there was a marginal significance of the difference in haematocrit values between the patients who developed late tamponade and those who did not develop late tamponade. Groups were similar in terms of surgical procedures performed ( Table 3 ). The most common procedure performed was aortic valve replacement in both groups. As a total of isolated and combined procedures, 169 patients underwent aortic valve replacement. Of the patients developing late tamponade, 3 patients had aortic valve replacement, 2 patients had mitral valve replacement, 1 patient had aortic and mitral valve replacement, and 1 patient had a modified Bentall procedure. Two groups had also similar aortic cross-clamp (ACC) and CPB durations (ACC: 104.26 ± 33.41 vs 101.56 ± 30.62, P = 0.37 and CPB: 135.42 ± 31.32 vs 128.75 ± 42.82, P = 0.32, respectively; Student's t-test). ACT values were similar throughout the operations in both groups (range: 422-696 vs 430-715 s).
Postoperative data are summarized in Table 4 . Although reexplorations due to bleeding within the first 24 h were higher (2 vs 5 patients) in the Non-Window Group, this was not statistically significant (P = 0.45). In this group, 3 of the 5 patients had bleeding accompanied by tamponade (early tamponade), whereas the 2 patients with bleeding in the Window Group did not have tamponade.
The total number of tamponade events/episodes was 10: 3 early and 7 late. All tamponades developed in the Non-Window Group and within the first 30 days. Considering late tamponade, there was a statistically significant difference between the two groups (P = 0.015). Tamponade was identified on Day 3 in 2 patients, on Day 4 in 2 patients and on Days 10, 19 and 26 in the other 3 patients, and the intervention was made within the same day. Six patients had a marked benefit from the intervention and were discharged without any problems. The patient who received re-exploration on Day 10 had to be initiated with high-dose inotrope support before and after the intervention. The patient with postoperative early renal failure developed renal failure again and this patient died due to multiple organ failure.
The 30-day mortality rate was 1.1% (3 cases). All deaths were in the Non-Window Group, and there was no significant difference regarding mortality between the groups (P = 0.25). Two patients died in hospital and 1 patient died at home. One of the mortalities was associated with tamponade, which was mentioned above.
The incidence rate of first month's pulmonary complications (e. g. pleural effusion requiring drainage, pneumothorax, atelectasis, exacerbation of chronic obstructive pulmonary disease and pneumonia) was 7.4% in the Non-Window Group and 9.4% in the Window Group. This difference was not statistically significant (P = 0.46).
DISCUSSION
Late tamponade incidence
Several studies report various rates for late cardiac tamponade, but in almost all of these studies late tamponade is seen to be more common in valve cases than in coronary bypass cases. For instance, Kuvin et al. [2] reported 0.6 vs 0.2%, Aksöyek et al. [4] reported 3.4 vs 0.1% and Meurin et al. [10] reported 11 vs 2%. Moreover, Malouf et al. [11] reported that the rate of large pericardial effusion increased to 44% and the rate of tamponades increased to 27% when extreme doses of anticoagulants were used. Therefore, pericardial tamponade is a more important issue for valve patients and in such patients it is more necessary to perform a procedure that will prevent this.
Why not create a PPW?
PPW creation additionally requires a wide opening in the left pleura. Many surgeons believe that patients with preserved plural integrity will be in better respiratory condition during the postoperative period and prefer not to open the pleura. The risk of phrenic nerve injury is also one of the causes. On occasion, the surgeon is focused on the primary procedure and is not interested in such types of additional procedures or is not aware of the benefits of creating a PPW. It has been reported that opening pleurae while removing the LIMA leads to an increased incidence of pulmonary complications in coronary cases [12] . Actually, whether the pleura is opened or not after open heart surgery, there may be a marked reduction in the patients' pulmonary function tests. The study by Omeroglu et al. [13] compared a patient group with both pleurae opened with another patient group with preserved integrity of both pleurae, and found that postoperative pulmonary function was reduced very significantly in both groups. Only the incidence of atelectasis and pneumothorax was higher in the group with opened pleurae, whereas there was no significant difference in pulmonary function tests, arterial blood gases and other postoperative findings between the two groups.
In the present study, opening the pleura resulted in a very significant reduction of cardiac tamponade without leading to a significantly increased rate of pulmonary complications. Phrenic nerve injury did not occur in any of our patients. In this respect, we believe that prevention/avoidance of pulmonary complications while creating a PPW is an unreasonable concern. 
Opening pleurae and tamponade
There is literature that documents the opening of the pleural space anteriorly, per se, as reducing early tamponade [12] . In our study, fewer early tamponade in the Window Group (not significant) may be related to the opened pleura. Studies are presently advocating the contrary view. For example, the study by Cenal et al. [14] with patients who were taken into early revision due to bleeding claimed: 'opening the pleura to remove the internal mammary artery during coronary artery bypass grafting does not reduce tamponade incidence'.
We have not found any information in the literature that indicates opening the pleura prevents late tamponade. Fluid, mostly accumulating in the posterior pericardial cavity in late tamponade, is trapped there and cannot pass the pleural space anteriorly. If we had a third group comprising without window + opened pleura, we would probably see the ineffectiveness of opening the pleura. We see this kind of trial in coronary revascularization series of Kuralay et al. [5] and Mulay et al. [6] . In their studies, all patients' left pleura was opened. While late effusion and tamponade were not encountered in patients with PPW, a noteworthy amount of late effusions and tamponades were encountered in patients with only opened left pleura.
Distinction of late and early tamponade
In the definition of Kuvin et al. [2] , the limitation of early tamponades during the first 24 h suggests different characteristics for the tamponades after the first 24 h. The tamponades between Days 1 and 4 are unclassified as these tamponades may carry early or late tamponade characteristics, and should be classified accordingly. In the present study, tamponades within the first 24 h were observed in the patients who had bleeding issues from the first postoperative hours, and had haemodynamic instability and mediastinal enlargement during the following hours. When the chest was reopened, there was fresh blood and a large amount of fresh thrombus inside. Seven late tamponade cases, including those taken into revision on postoperative Days 3 and 4, had no bleeding issues in the early postoperative period, and no clinical or radiological findings suggesting tamponade. All of these cases were patients whose drains were removed and who were taken out of the intensive care unit on Day 2. In patients take into revision on Days 3, 4 and 10, the sternum was opened again; there was defibrinated blood, but there was no fresh blood or thrombus. The other 2 patients developed tamponade after discharge. Computed tomography was performed on these patients because their general condition was deemed appropriate; the posterior localization of effusion was seen very clearly; video-assisted thoracoscopic drainage was conducted and the defibrinated blood was drained. In other words, both the clinical characteristics and the re-exploration findings of the cases with tamponade detected on Days 3 and 4 were consistent with late tamponade.
Mortality
There was no significant difference in mortality between the groups, but 2 of the 255 patients not developing tamponade and 1 of 7 patients developing tamponade (0.8-14.3%) died during the tamponade-focused evaluation. This result suggests the lethal potential of late tamponade following open heart surgery. Early diagnosis followed by early drainage results in pleasing outcomes in cardiac tamponades; delay, on the other hand, causes fatal outcomes. The 30-day mortality rate was reported as 3% among postoperative patients with severe late pericardial effusion [3] . Mortality may be associated with circulatory collapse and cardiopulmonary arrest caused by tamponade, as well as a complication in surgical drainage. Aksöyek et al. [4] reported a mortality rate of 3.5% associated with the drainage of tamponade.
Predisposing factors
Early cardiac tamponade after open heart surgery is usually related to surgical bleeding or coagulopathy due to CPB, whereas late tamponade seems to be multifactorial in origin [1] . Predisposing factors have been indicated as female gender, preoperative anticoagulant use, low preoperative haematocrit levels, coagulation disorders, extreme mediastinal bleeding, autoimmune reactions and the removal of epicardial pacer wires [1, 2] . As is routine, pacer wires were removed on the third day in tamponade cases. If re-explored on the third day, it was removed before discharge. In fourth day re-explorations, no bleeding was present from the wire insertion site.
The study by Kuvin et al. [2] found that higher preoperative haematocrit levels showed a lower risk ratio with univariate Cox analysis for developing postoperative cardiac tamponade. Furthermore, preoperative anticoagulant use was considered a major contributing factor in the development of intrapericardial bleeding and cardiac tamponade. In the present study, the mean haematocrit levels of the patients who developed late tamponade were noteworthy but not significantly lower than those who did not develop tamponade (35.12 ± 5.92 vs 39.57 ± 5.0, P = 0.051), and the rate of preoperative warfarin use was higher (28.6 vs 7.1%, P = 0.092; Table 2 ). The marginal difference in haematocrit with only seven events suggests a noteworthy effect size in terms of the development of late cardiac tamponade. The same can be said for the use of preoperative warfarin. While these values were very close preoperatively in both the Window and Non-Window Groups (P = 0.83 vs 0.2, respectively), all the patients developed tamponade in the Non-Window Group, showing that when the PPW was opened, the predisposing factors are not very important any longer.
Preventive measures
There are two ways of preventing late tamponade. The first one is to prevent the formation fluid that causes tamponade. The second is draining the fluid from the pericardium. The procedure of creating a PPW prevents late cardiac tamponade via the second way, which overall prevents tamponade formation.
Previous studies have generally focused on the causes, diagnosis and treatment of tamponade, and have contained very limited recommendations to prevent its occurrence. Yılmaz et al. [15] suggested that it would be sufficient to increase the prothrombin time up to two times the normal amount in the early period in patients who had mitral valve replacement, in order to prevent the occurrence of late cardiac tamponade. In the present study, the INR value on the day of diagnosis in patients who developed tamponade was 5.7 in 1 patient and at the targeted levels (2 to 3) in other patients. These recommendations are important to minimize late cardiac tamponades; however, they are not sufficient and it is obvious that other precautions are required. At this point, where there are not many options, opening a window becomes obvious as a simple but highly effective method. At the end of the study by Erdil et al. [16] , conducted between 2001 and 2003, posterior pericardiotomy was reported to reduce early and late pericardial effusion and tamponade in patients who had valve replacement. However, there are still scarcely any centres performing the pericardial window procedure in valve patients, suggesting that there is not yet sufficient awareness in this regard.
CONCLUSION
To a certain extent, the occurrence of late pericardial tamponade in valve patients is not an inevitable complication, and can be effectively prevented by opening a PPW. We now perform this procedure, for which it is significantly worthy of allocating some time during surgery, in all valve cases, and we highly recommend it.
Limitations
Late tamponade is a rarely encountered event. Statistical power is driven not by sample size alone, but also by the number of events. Therefore, the study is limited in its ability to find associations with other baseline patient characteristics. A larger number of cases would certainly be more valuable, but many studies exist with a smaller number of cases in the literature. This is not a randomized study, and therefore conclusions should be considered in the light of this fact.
